L
ower urinary tract signs occur commonly in cats, with a reported occurrence of 1.3% to 1.7% in cats examined at private veterinary practices in the United States. 1 An association between indoor housing and LUTS has long been recognized. An accurate clinical description of cats with LUTS that reported close confinement to the house as a risk factor was published in 1925. 2 A subsequent study found the risk for LUTS to be 2 to 10 times as high in indoor-housed cats as in cats that spent more than half of their time outdoors. 3 In a recent case-control study 4 conducted in New Zealand, no difference in age, sex, or neuter status was identified between cases and controls. Variables that were positively associated with LUTS in that study included low activity level, use of a litter tray coupled with restriction indoors, a high number of rainfall days in the month preceding the appearance of clinical signs, stress factors such as moving within the past 3 months or the presence of more than 1 cat in the household, and a diet high in dry cat food. There was some indication that high amounts of fluid consumption reduced the effect of a diet high in dry cat food. Variables that appeared to have some protective effects included a routine visit to the veterinarian in the past 12 months and the use of alternative food sources such as rodents and birds. The presence of other cats in the household also may be associated with LUTS. Data concerning multiple-cat households as a risk factor for LUTS are mixed, however, and indicate no effect 3, 5 or increased risk. 4, 6 In addition to environmental factors, the risk for development of LUTS may be greater for some indoorhoused cats than others because of cat-related factors. 7, 8 For example, in cats with severe idiopathic cystitis (the most commonly reported cause of LUTS 9 ), a variety of neuroendocrine abnormalities have been identified that may increase responsiveness to features of the environment. 8 To further evaluate the association between indoor housing and LUTS in cats, the purpose of the study reported here was to determine environmental and cat-related factors associated with LUTS in indoor-housed domestic cats.
Materials and Methods
Veterinarians from the community practice service of OSU-VTH and local practices in the Columbus, Ohio, metropolitan area participated in this study of cats housed exclusively indoors. Ninety-two cats from OSU-VTH and 65 cats from local practices with LUTS were studied. The diagnosis of LUTS was made primarily on the basis of observation of clinical signs of various combinations, including dysuria, pollakiuria, hematuria, and voiding outside the litter box. In some instances, additional diagnostic testing was performed (usually radiography, bacteriologic culture of urine, or both) and cats with urolithiasis or bacterial urinary tract infection were excluded. Comparison groups included healthy cats matched by age (within 2 years) and sex evaluated at OSU-VTH (138 cats) or local practices (100 cats) for routine health examinations and 70 cats evaluated at OSU-VTH with diseases that did not affect the lower urinary tract. Statistical analysis-The measured variables were first classified as categoric or continuous on the basis of their scale of measurement. For categoric variables, comparisons among healthy cats, cats with LUTS, and cats with other diseases were tested by examination of proportions and evaluated by use of χ 2 tests. Post hoc comparisons with partitioning of the χ 2 variance were used to perform follow-up tests on the same measurements for comparison of healthy cats with those with LUTS. For continuous measurements, comparisons of the 3 cat groups were performed by use of ANOVA and group-togroup comparisons were made via the Duncan post hoc test. Differences were considered significant at P < 0.05. Given the number of tests, the Bonferroni correction was used.
Second-tier analyses were conducted to evaluate the association between LUTS and cats' behaviors and responses to their surroundings after controlling for environmental and cat-specific characteristics. These tests were conducted by use of ordinary least squares regression analysis. All analyses were conducted with commercially available statistical software. a
Results
Data from 238 healthy cats, 157 cats with LUTS, and 70 cats with other diseases were available for analysis. Client responses to demographic and environmental queries were summarized (Table 1) . Among the demographic questions, only age in months was different among the groups; healthy cats and cats with LUTS were significantly younger than cats with other diseases. Cats with LUTS were slightly but significantly older than healthy cats and had been owned for a longer period of time. Of note from the pilot study was that no differences (P = 0.78) in diet were identified between healthy cats and cats with disease Results of the review of systems (Table 2) revealed that, compared with diseased cats, including those with LUTS, healthy cats had significantly less lower gastrointestinal tract problems and healthy cats and cats with LUTS had significantly less skin and ocular problems than did cats with other diseases. In contrast, cats with LUTS had significantly more fear, nervousness, and aggression than did healthy cats or cats with other diseases and had more gastrointestinal tract problems than healthy cats.
Multiple regression analyses revealed that neither environmental nor demographic characteristics were associated with differences in the behavioral or body systems responses between healthy cats and cats with LUTS. Response to telephone rings differed between these groups, but not significantly, primarily because of a fairly strong confounding relationship between gastrointestinal tract problems and the cats' response to telephone rings.
Discussion
Results revealed that few differences existed in the environment of the cats in the different groups that might explain the differences in their health status. Similar to a previous study, 4 no difference in sex or neuter status was identified between cases and controls, although healthy cats in the present study were slightly younger. In contrast to the study of Jones et al 4 and older studies (reviewed by Willeberg 3 ), but in agreement with a small recent study, 10 no differences in diet were identified. This may be attributable to differences in diet composition and feeding practices over time and among study sites.
No association between pedigree status or domestic shorthair breed and LUTS was detected, which was similar to another epidemiologic study. 9 Willeberg concluded that Siamese cats were at low risk of LUTS, whereas Persians were at high risk. 3 Jones et al 4 reported a high risk of LUTS among domestic longhair cats, but not purebred cats, and Cameron et al 10 found that both pedigreed and domestic longhair cats were at high risk for idiopathic cystitis. There are many possible reasons for differences among results of epidemiologic studies conducted in different locations at different times, including entry criteria, sample size, and breed preferences, which limit comparison. One potential limitation of the comparisons among healthy cats, cats with LUTS, and cats with other diseases in the present study was the source of the cats with other diseases. Whereas the proportions of cats evaluated by the community practice service at OSU-VTH and local practices were comparable, all data from the cats with other diseases were obtained from owners at the community practice service at OSU-VTH. The absence of differences in environmental variables among any of the groups, however, suggests that this difference may not have had a major influence on the results.
The limited number of environmental factors associated with LUTS suggests that an underlying internal predisposition exists in some cats, rather than environmental factors causing disease directly. 7 In support of this hypothesis, some behavioral and physical differences among cats in the different groups were identified that to our knowledge have not been previously described. Significantly more owners of cats with LUTS than owners of healthy cats or cats with other diseases perceived that their cats had fear, nervousness, and aggression. Significantly more owners of cats with LUTS than owners of healthy cats, but not owners of cats with other diseases, reported that their cats had gastrointestinal tract problems in addition to LUTS. Interestingly, humans with interstitial cystitis, a chronic idiopathic pain syndrome with some commonalities with cats with LUTS, also are at increased risk for a variety of comorbid medical disorders, 8 including irritable bowel syndrome, depression, anxiety, and hostility.
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Alternatively, some feature of the environment that was not studied may play a role in development of LUTS. One obvious feature of the environment that was not studied was the effects of the owner on the cat. Although such an examination was beyond the scope of the study, we have observed that owners of severely affected cats are often frustrated by the presence of a chronic, intermittent disease in their cat and in some instances appear to feel anger toward the cat. Such an attitude might activate the stress response of the cat, so efforts at enhancing owner empowerment, empathy, and education comprise an integral part of our approach to treatment. 14 The present study could not identify environmental factors associated with LUTS in indoor-housed cats, whereas a number of behavioral and physical differences between healthy cats and cats with LUTS were identified, suggesting that cat-related factors may be important for expression of LUTS in indoor-housed cats.
